Bacteriology of cheese VI. Relationship of fat hydrolysis to the ripening of cheddar cheese by Lane, C. B. & Hammer, B. W.
Volume 25
Number 291 Bacteriology of cheese VI. Relationship of
fat hydrolysis to the ripening of cheddar cheese
Article 1
August 1941
Bacteriology of cheese VI. Relationship of fat





Follow this and additional works at: http://lib.dr.iastate.edu/researchbulletin
Part of the Agriculture Commons, and the Dairy Science Commons
This Article is brought to you for free and open access by the Iowa Agricultural and Home Economics Experiment Station Publications at Iowa State
University Digital Repository. It has been accepted for inclusion in Research Bulletin (Iowa Agriculture and Home Economics Experiment Station) by
an authorized editor of Iowa State University Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Lane, C. B. and Hammer, B. W. (1941) "Bacteriology of cheese VI. Relationship of fat hydrolysis to the ripening of cheddar cheese,"
Research Bulletin (Iowa Agriculture and Home Economics Experiment Station): Vol. 25 : No. 291 , Article 1.
Available at: http://lib.dr.iastate.edu/researchbulletin/vol25/iss291/1
August, 1941 Research Bulletin 291 
Bacteriology of Cheese 
VI. Relationship of Fat Hydrolysis to the Ripening 
of Cheddar Cheese 
By C. B. LANE AND B. W. HAMMER 
AGRICULTURAL EXPERIMENT STATION 
IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 





Summary ......................................................................... __ ........................... 4-52 
General historical .......... ... ............ _ ............. ... .......... .... . ........ .................... -&54 
General methods ................................... _ .............. _ ... _ ........... __ . __ .. _._ .. _ .... _ ... ~4 
Manufacture of cheese ........... _ ... _ ....... _ .................... _ ..... _ .. _ ........... _ .. . _ .... "-;4 
Source and treatment of milk ....... _ ............ _ ........ _._._ ...................... *54 
Manufacturing procedure ........... _ .................. _ ............. __ ... _ ............ -6-54 
Examination and scoring of cheese ... _ ................................ _ ............... 6-55 
Nitrogenous decomposition in cheese and acidity of cheese faL._ %5 
Results obtained ......................... ... ..............................................................• 56 
Part 1. Effect of homogenizing the cream on the flavor of cheese f-56 
Historical..... ............... ........... ............ ...... ....... ........ ... ... . ...... ............. "56 
Effect on small units of cheese ...................................................... 356 
Effect on normal-size cheese .............................................. ............ 6-57 
Commercial lots of cheese made with homogenization of 
cream ....................................................... ... ................................ 458 
Part 2. Effects of lipolytic enzymes on the ripening of cheese 
made from pasteurized milk .......................................................... 459 
Historical ...... .. .. ..... ........ ......... ....... ... .... .... ...... ... ... ............................ 45 9 
Effect of pancreatin ......... .... ........................................................... 4-59 
Lipolytic activities of desiccated mammary tissues and ex-
tracts of them .................................................................... .. ...... %9 
Bacterial counts on cream-sugar mixtures treated with des-
iccated mammary tissues and extracts of them ............. ... .... ffiO 
Effect of adding desiccated mammary tissue or an extract of 
it to pasteurized milk on the quality of the cheese ............ 461 
Effect of tissue 1 (cow) ................... ......................................... Gill 
Effect of extract of tissue 2 (co w) ......................... ........... . ... 462 
Effect of extracts of tissues 4, 5, 9 and 10 (cow) ................ 462 
Effect of various amounts of extracts of tissues 3, 7 and 
8 (cow) ................................................................................ 4Q3 
Effect of tissues 7 and 8 (cow) on cheese from raw or 
pasteurized milk .................................................................. *63 
Effect of ewe mammary tissue or an extract of iL ............ 464 
Commercial lots of cheese made with extracts of mam-
mary tissues ........................................................................ ~5 
Effect of mammary tissues or extracts of them on the soluble 
nitrogen in cheese ...................................................................... 465 
Lipolytic activities of desiccated liver or spleen tissues or 
extracts of them ........................................................................ 465 
Effect of adding extract of liver tissue to pasteurized milk 
on the score of the cheese ........................................................ ~6 
Effect of a.dding spleen tissue or a.n extract of it to pasteur-
ized milk on the score of the cheese ...................................... 1U6 
Discussion 







Cheese made from raw homogenized cream mixed with skim-
milk (raw or pasteurized) commonly developed a rancid flavor 
early in the ripening, but the condition tended to disappear as 
ripening progressed, and eventually the cheese was not rancid 
and was more satisfactory in flayor than cheese made from pas-
teurized milk or from pasteurized homogenized cream mixed 
with pasteurized skimmilk. In some cases it was more satisfac-
tory in flavor than cheese made from raw milk. Cheese made 
from pasteurized milk had very low fat acidities and lacked 
flavor, whereas cheese having definitely higher fat acidities com-
monly had more flavor. Raw milk cheese had lower fat acidities 
than that made from raw homogenized cream with skimmilk 
but somewhat higher acidities than that made from pasteurized 
homogenized cream with pasteurized skimmilk. 
Addition of pancreatin to pasteurized milk for cheese resulted 
in a disagreeable rancid flavor immediately after manufacture, 
and the condition did not disappear during ripening. In most 
instances the ripened cheese also was bitter. 
Each of 15 samples of powdered, desiccated mammary tissues 
from cows, ewes and sows, and also aqueous sodium chloride ex-
tracts of them, increased the acidities of cream-sugar mixtures 
used to detect lipolysis. There was considerable variation in the 
activities of the samples. Ewe tissues and extracts of them were 
especially active. Tissues were somewhat more active than their 
extract equivalents. 
Addition of desiccated mammary tissues or extracts of them 
to pasteurized milk commonly had a desirable effect on the 
chrese made from the mille Early in the ripening, the tissue or 
extract, particularly the larger amounts, commonly caused ran-
cidity in the cheese, but this disappeared as the ripening con-
tinued, and after some time the flavor generally was better than 
the flavor of cheese made from pasteurized milk without the 
tissue or extract; in some instances the body and texture also 
were better. The mammary tissue or extract increased the fat 
acidities of the cheese, again suggesting a relationship between 
fat acidity and development of desirable flavor. 
Ripened cheese made from pasteurized milk with added mam-
mary tissues or extracts of them contained slightly more soluble 
nitrogen than cheese made without the materials. 
Desiccated liver and spleen tissues or extracts of them showed 
lipolytic activities in cream-sugar mixtures; an extract of liver 
had little effect when added to pasteurized milk for cheese, while 
spleen tissue or an extract of it sometimes had a beneficial effect. 
Bacteriology of Cheese 
VI. Relationship of Fat Hydrolysis to the Ripening 
of Cheddar Cheese l 
By C. B. LANE AND B. W. HAMMER 
Studies on the chemical changes during the ripening of ched-
dar cheese have emphasized the importance of protein decom-
position products as contributants to the characteristic flavor. 
Recent reports, however, suggest that fat hydrolysis as well as 
protein decomposition is of significance in this connection. Ap-
parently, limited hydrolysis of the cheese fat liberates fatty 
acids and/ or derivatives of them which aid in producing typical 
"cheddar" flavor. Fat hydrolysis in cheddar cheese presum-
ably is brought about largely through the action of milk lipase, 
an enzyme that is readily destroyed by the usual pasteurization 
exposures. 
Although pasteurization of milk for cheddar cheese offers cer-
tain advantages, such as destruction of pathogenic bacteria 
which may be present and control of certain undesirable fer-
mentations, experience has shown that pasteurized milk cheese 
develops flavor slowly and, even with extended ripening, does 
not have as satisfactory a flavor as good raw milk cheese. 'l'he 
slow ripening usually is attributed to destruction of certain es-
sential bacteria and/or enzymes in the milk by the heat treat-
ment. If the destruction of milk lipase is involved in the slow 
ripening of pasteurized milk cheese, the addition of suitable 
lipase to pasteurized milk for cheese making should be beneficial. 
The work herein reported is divided into two parts: Part 1 
deals with the effect of homogenizing the cream on the flavor of 
cheese; the homogenization should accelerate the action of lipm:e 
in the cheese by increasing the fat surface. Part 2 deals with 
the effects of lipolytic enzymes on the ripening of cheese made 
from pasteurized milk. 2 
1 Pxoject 652 of the Iowa Agricultural Exp 2riment Station. 
2 In the n ame of the Iowa State College Research Foundation, a patent application 
covering the use of certain tissues and ~xtracts of them in the manufacture of cheddar 
cheese is now pending. 
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GENERAL HISTORICAL 
Although studies on flavor development in various cheeses 
have included primarily changes in the protein, changes in the 
fat have received some attention, particularly with cheeses other 
than cheddar. 
Orla-J ensen (19) studied hydrolysis of the fats in various 
cheeses and related the products formed to certain cheese fla-
vors. Windisch (23) followed the changes in the fats of four 
German cheeses and suggested that enzymes produced by certain 
bacteria hydrolyzed the fats with formation of free fatty acids; 
a portion of these acids seemed to disappear as the cheese 
ripened. 
Currie (5) associated the typical flavor of roquefort cheese 
with formation of certain fatty acids (from the fat) and their 
salts. Lane and Hammer (13) noted progressive increases in the 
acid content of the fat of blue cheese during ripening. Hammer 
and Bryant (9) suggested that a portion of the caprylic acid 
liberated by hydrolysis of the fat in blue cheese was changed to 
methyl-n-amyl ketone, an important flavor contributant. 
In recovering certain flavor constituents from cheddar cheese 
by distillation, Suzuki, Hastings and Hart (22) indicated the 
possibility of fat hydrolysis accounting for the relatively large 
amounts of fatty acids obtained. Lane and Hammer (14) found 
relatively high acidities in the fat of aged cheddar cheese and 
demonstrated an increase in the values as the cheese ripened; 
the values on fat from raw milk cheese regularly were higher 
than those on fat from pasteurized milk cheese. 
GENERAL METHODS 
MANUF ACTURE OF CHEESE 
SOURCE AND TREATMENT OF MILK 
Most of the milk for cheese was mixed milk from the Iowa State 
College herds, although occasionally milk from other herds was 
employed. The fat content varied from 3.5 to 4.0 percent. Ex-
cept when the volumes were small, cream was homogenized in a 
two-stage "Colony Sanitary" homogenizer. Milk or cream was 
pasteurized at 145°F. (62.SoC.) for 30 minutes, usually in a 
coil vat. 
MANUFACTURING PROCEDURE 
The four types of milk used in the various trials were: (a) 
Raw milk, (b) pasteurized milk, (c) skimmilk (raw or pasteur-
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ized) plus homogenized cream (raw or pasteurized) and (d) 
pasteurized milk (raw milk in a few trials) plus material con-
taining lipolytic enzyme. The cream rather than the whole milk 
was homogenized in order to avoid serious body defects in the 
cheese. The general manufacturing procedure was practically 
the same with the four types of milk. 
The milk in cheese vats was adjusted to 86°F. (30.0°C.) and 
inoculated with 1.5 to 2.0 percent lactic culture. After approxi-
mately 45 minutes, the milk was set with rennet at the rate of 
3 ounces per 1,000 pounds of milk. About 25 minutes later, th~ 
curd was cut with three-sixteenth-inch knives and then cooked 
slowly to 104°F. (40.00C.), at which temperature it was held 
until the whey acidity reached 0.15 to 0.16 percent and the de-
sired firmness of curd was obtained. The curd then was dipped 
and cheddared until the whey acidity was 0.45 to 0.50 percent. 
After milling, the curd was forked for about 30 minutes and 
3 percent salt added. At least 45 minutes were required to dis-
solve the salt, after which the curd was rinsed with scalding 
water and placed in hoops. The cheese were pressed for 1 hour, 
removed for dressing and replaced in the press for an additional 
16 hours. They were put into a drying room at 45°F. (7.2°C.) 
for 48 hours, paraffined and then ripened at 50°F. (10.0°C.), 
55°F. (12.8°C.) or 60°F. (15.6°C.). 
EXAMINATION AND SCORING OF CHEESE 
At intervals during ripening, two cir more judges3 either 
placed the cheese on the basis of flavor or scored them for flavor 
and body and texture on the basis of 45 and 30, respectively, 
for perfect scores. Usually criticisms were included with the 
scores. 
NITROGENOUS DECOMPOSITION IN CHEESE AND ACIDITY 
OF CHEESE FAT 
The methods used for determining nitrogenous decomposition 
in cheese and acidity of cheese fat were those employed by Lane 
and Hammer (13). Cheese serum and fat were obtained by sub-
mitting a mixture of finely divided cheese and sand to relatively 
high pressures in a hydraulic press (12). The serum was sepa-
rated from the accompanying fat in a separatory funnel, filtered 
through paper and analyzed for total nitrogen by the Kjeldahl 
method. The fat was also filtered through paper and the acids 
present titrated with the alcoholic potassium hydroxide method 
suggested by Breazeale and Bird (2). 
3 Much of the placing and judg ing of the cheese was done by N. E . Fabricius and 
V. H. Nielsen. 
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RESULTS OBTAINED 
l' ART 1. EFFECT OF HOMOGENIZING THE CREAM ON '1' m; 
FLAVOR OF CHEESE 
HISTORICAL 
Homogenization of milk or cream for cheese making has been 
employed with several cheeses other than cheddar; the procedure 
was advantageous with some cheeses but objectionable with 
others. 
Marquardt (17) noted that in the making of neufchatel or 
cream cheeses homogenization was beneficial in producing a soft, 
smooth texture and aided in reducing fat losses in the whey. 
Lane and Hammer (13) found that the manufacture of blue 
cheese from homogenized milk, rather than un homogenized, of-
fered certain advantages from the standpoints of curing and 
marketing; cheese from homogenized milk ripened in a relatively 
short time and was comparatively light in color, soft in body 
and uniform in quality. 
Undesirable results were obtained by Sammis (21) in homogen-
izing milk for brick, limburger and swiss cheeses; brick and 
limburger cheeses cracked and had an undesirable flavor, while 
swiss cheese was poor in flavor and lacked eyes. Matheson and 
Cammack (18) found no advantage in homogenizing milk for 
cream cheese. 
EFFECT ON SMALL UNITS OF CHEESE 
'1'he effect of homogenizing the cream on the flavor of small 
(2.5 pound) cheese was studied with six series of cheese. Be-
cause of the small volumes of cream involved, a hand operated 
homogenizer was employed. For each series 125 pounds of milk 
was divided into five equal portions. The treatmcnts of the por-
tions were as follows: Portion 1 was untreated; portion 2 was 
pasteurized; portion 3 was separated, the cream homogenized 
and recombined with the skimmilk; portion 4 was separated, 
the skimmHk and cream pasteurized and the cream homogenized 
and recombined with the skimmilk; portion 5 was separated, 
the skimmilk pasteurized and the raw -cream homogenized and 
recombined with the skimmilk. The portions of milk were made 
into cheesc in the sections of a multiple cheese vat (11). After 
1,2,3 and 4 months at 55°F. (12.8°C.), the cheese were placed 
on the basis of flavor. Table 1 gives the results and also the 
acidities of the cheese fats after 4 months. 
In general, cheese from raw milk placed relatively high. In 
some instances the cheese were acid or slightly unclean in flayor 
early in the ripening, but these defects tended to disappear. 
Cheese from pasteurized milk tended to place low, although in 
some series they placed relatively high early in the ripening; 
the cheese commonly lacked flavor. Cheese from raw skimmilk 
plus raw homogenized cream placed low during the early ripen-
ing because of a definite rancid flavor. As the cheese ripened, 
the rancidity tended to disappear so that later it was not de-
tected; in most instances the cheese placed relatively high after 
4 months and usually were characterized by more "cheesy" 
flavor than the other cheese in a series. Cheese from pasteurized 
skimmilk plus pasteurized homogenized cream, although lacking 
flavor, occasionally placed rather high early in the ripening; 
later, they were commonly bitter and placed low. Cheese from 
pasteurized skimmilk plus raw homogenized cream were slightly 
rancid after 1 month in four comparisons and not rancid in two. 
Later, the cheese had a good flavor and placed relatively high. 
The order of the various types of milk, on the basis of decreas-
ing acidities of the cheese fats, was as follows: (a) Raw skim-
milk plus raw homogenized cream, (b) pasteurized skimmilk plus 
raw homogenized cream, (c) raw milk, (d) pasteurized skim-
milk plus pasteurized homogenized cream and (e) pasteurized 
mille This is in agreement with the destruction of lipase by 
pasteurization and with the effect of homogenization on the 
activity of milk lipase. 
There was a general relationship between the acidity of the 
cheese fat after 4 months and the flavor, cheese having high fat 
acidities commonly placing higher on flavor than cheese with 
very low fat acidities. In series 6 the cheese with the highest fat 
acidity placed low because of an unclean flavor. Some of the 
fat acidities of the cheese from raw skim milk plus raw homogen-
ized cream were particularly high. 
EFFECT ON NORMAL-SIZE CHEESE 
In studying the effect of homogenizing the cream on the flavor 
of normal-size cheese, five series of cheese were used. The cream 
was homogenized at gO°F. (32.2°C.) under 300 pounds pres-
sure. For each series, 480 pounds of milk was divided into four 
equal portions and the portions treated as follows: Portion 1 
was untreated; portion 2 was pasteurized; portion 3 was sepa-
rated, the cream homogenized and recombined with the skim-
milk; portion 4 was separated, the skimmilk pasteurized and the 
raw cream homogenized and recombined with the skimmilk. 
Each portion of milk was placed in a 40-gallon cheese vat and 
made into longhorn-style cheese. Table 2 gives the placings of 
the cheese on the basis of flavor after 1, 2, 4 and 6 months at 
50°F. (10.0°C.) and also the acidities of the fats after 6 months. 
In general, the results were similar to those obtained with the 
small units. Cheese from raw milk placed relatively high at all 
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;;tages of ripening. Cheese from pasteurized milk were lacking 
in flavor early; later, a bitter flavor commonly developed. In 
cheese from raw skimmilk plus raw homogenized cream, ran-
cidity was evident early in the ripening, but the defect tended 
to disappear, resulting in relatively high placings; at 6 months 
the cheese regularly were characterized by considerable" ched-
dar" flavor. Cheese from pasteurized skimmilk plus raw homog-
enized cream placed high in several series early in the ripening; 
later, a bitter flavor commonly was present, which resulted in 
relatively low placings. 
On the basis of decreasing acidities of the fats of the cheese, 
the order of the four types of milk was as follows: (a) Raw 
skimmilk plus raw homogenized cream, (b) pasteurized skim-
milk plus ra·w homogenized cream, (c) raw milk and (d) pas-
teurized milk. The values on fat from raw skimmilk plus raw 
homogenized cream were conspicuously high . 
.As with the small units, there was a general relationship be-
tween the acidity of the fat and the flavor. Cheese having high 
fat acidities tended to have a high flavor, while cheese having 
low fat acidities usually lacked flavor. This relationship was 
particularly evident with cheese from raw skimmilk plus raw 
homogenized cream and cheese from pasteurized milk; at 6 
months the former regularly had high fat acidities and high 
flavor, while the latter had low fat acidities and lacked flavor. 
COMMERCIAL LOTS OF CHEESE MADE WITH HOMOGENIZATION 
OF CREAM 
The effect of homogenizing the cream on the general quality 
of commercial cheese was studied with six series of cheese, using 
for each about 2,000 pounds of milk. In each of three series, 360 
pounds of the 2,000 pounds was pasteurized and placed in a 
small cheese vat for the control cheese; the remaining milk was 
separated, the skimmilk pasteurized and the raw cream homogen-
ized at gO°F. (32.2°C.) under 300 pounds pressure before being 
recombined with the skimmilk. In each of the other three series, 
360 pounds was pasteurized for the control cheese, and the re-
mainder was separated, the cream pasteurized and homogenized 
at gOOF. (32.2°C.) under 300 pounds pressure before being re-
combined with the raw skimmilk. Table 3 gives the scores on 
the cheese after 1, 2 and 3 months at 50°F. (10.0°C.) . 
.At 1 month the pasteurized milk cheese tended to score higher 
on flavor than cheese containing the homogenized fat, but at 2 
months the reverse was true, and at 3 months the cheese con-
taining the homogenized fat regularly scored higher, the differ-
ence being 1 point in the three series involving raw skimmilk 
plus pasteurized homogenized cream and 0.5 point in the other 
three. The cheese from pasteurized milk often lacked flavor and 
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were bitter. There was no definite difference between the two 
types of cheese in body and texture. 
PART 2. EFFECTS OF LIPOLYTIC ENZYMES ON THE RIPENING 
OF CHEESE MADE FROM PASTEURIZED MILK 
HISTORICAL 
The effect of adding special enzymes during cheese making 
on the general ripening of cheese has received some attention. 
Wojtkiewicz and Inikoff (24) concluded that a combination of 
trypsin and pepsin, when added to milk for cheddar cheese, gave 
good results, although the cheese developed a bitter flavor. A 
combination of trypsin, pepsin and erepsin had a good effect. 
Davies et al. (6) found that variations in the amounts of pepsin 
added to milk for cheddar cheese had little effect on flavor, tex-
ture, body or ripening of the cheese. Freeman and Dahle (8) 
reported that the addition of pepsin to milk for cheddar cheese 
increased the rate of proteolysis in the cheese and produced high 
flavor scores in well-ripened cheese; when trypsin was employed, 
the rate of proteolysis and flavor development increased, but 
the flavor scores were lowered. 
Coulter and Combs (4) noted that the addition of steapsin to 
milk for blue cheese or to fresh blue-cheese curd accelerated the 
cheese ripening, although a bitter flavor developed. 
EFFECT OF PANCREATIN 
Several lots of cheddar cheese were made from pasteurized 
milk to which various amounts of pancreatin had been added; 
for each lot a control cheese was made without pancreatin. The 
amounts of pancreatin employed were 0.1, 0.5 or 1.0 gm. per 1000 
pounds of milk. A weighed portion of pancreatin was shaken 
thoroughly in several hundred ml. of water and the mixture 
added to the milk just before adding the rennet. 
Pancreatin had an undesirable effect on the cheese flavor, 
even when the minimum amount (0.1 gm. per 1000 pounds of 
milk) was used. Cheese made with it regularly developed a very 
objectionable rancid flavor soon after manufacture, and this 
tended to persist during the ripening; in most instances the 
ripened cheese also had a pronounced bitter flavor. 
LIPOLYTIC ACTIVITIES OF DESICCATED MAMMARY TISSUES AND 
EXTRACTS OF THEM 
The presence of lipase in the mammary gland has been demon-
strated by various investigators (1, 10, 15). 
The comparative lipolytic activities of 15 samples of desiccated 
mammary tissues from various sources were studied; 10 samples 
were from cows, four from ewes and one from sows. Most of 
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the samples were obtained in powder form from pharmaceutical 
laboratories. Samples not from such laboratories were prepared 
as follows : A portion of a cow udder was minced in a meat 
grinder and 100 gm. was treated with 50 gm. of sodium chloride. 
The mixture was spread in a thin layer on cheese cloth and dried 
for 24 hours by blowing heated air over it with an electric fan; 
the tissue was then powdered. 
Extracts of the tissues were prepared by agitating for 2 hours 
1 part by weight of tissue with 10 parts of 10-percent aqueous 
sodium chloride in a small experimental churn. Olear extracts 
were obtained by filtering the mixtures through paper. 'With 
this procedure 10 ml. of extract represented approximately 1 gm. 
of powdered tissue. 
The method used to study lipolytic activities was essentially 
that suggested by Rice and Markley (20). A mixture of 1 part 
by weight of 25-percent cream, homogenized at 145°F. (62.8°0.) 
under 500 pounds pressure, and 1.2 parts of sucrose was boiled 
for 10 minutes; 200-gm. portions of the material were weighed 
into flasks and the flasks tightly stoppered. The flasks were 
treated with 1 gm. of tissue or 10 ml. of tissue extract and held 
at 98.6°F. (37.0° 0.), with occasional shaking; flasks without 
added tissue or extract constituted the controls. Ten-gm. por-
tions of the cream-sugar mixtures, diluted with 40 ml. of water, 
were titrated at once and after 3 and 7 days with 0.1 N sodium 
hydroxide, using phenolphthalein. The values obtained are pre-
sented in table 4. 
The data show that all the tissues and their extracts increased 
the titrable acidity of the cream-sugar mixtures during incuba-
tion and that there was considerable variation in the activities 
of the samples. Some samples from cows (Nos. 2, 3, 4, 5, 6, 7 and 
9) gave rather low values, while others (Nos. 1, 8 and 10 ) gave 
relatively high values. The ewe and sow samples gave high val-
ues. Tissue extracts gave somewhat lower values than the corre-
sponding tissues added directly. 
BAOTERIAL OOUNTS ON OREAM-SUGAR MIX'l'URES TREATED WITH 
DESICOATED MAMMARY TISSU ES AND EXTRAOTS OF THEM 
Trials were carried out to determine whether increases in the 
titrable acidities of cream-sugar mixtures were due to lipase in-
herent in the tissues or whether the action of bacteria was in-
volved. Tissue or tissue extract was added to flasks containing 
cream-sugar mixtures. The mixtures were plated on beef-infu-
sion agar when the titrations were made, emulsified butterfat 
being added to the agar for the determination of lipolytic colo-
nies (16). The plates were incubated at 98.6°F . (37.0°0.) for 
2 days and counted; they then were held an additional 2 days 
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at room temperature and the numbers of lipolytic colonies es-
timated . . 
In certain trials relatively large numbers of bacteria developed 
in the cream-sugar mixtures containing added tissue or extract, 
but comparable increases sometimes also occurred in the con-
trols. By autoclaving the cream-sugar mixtures at 5 pounds 
pressure for 10 minutes, growth was less common during the 
trials, but the procedure did not entirely prevent bacterial in-
creases. 
Results obtained in a representative trial, using a boiled 
cream-sugar mixture, are given in table 5. 
As in previous tests, titrable acidities of the cream-sugar mix-
tures containing tissue or extract increased with continued in-
cubation. Comparatively low bacterial counts were obtained on 
all but two of the flasks. Flask 1 (control) had a relatively high 
count after 7 days, and some lipolytic colonies were present on 
the plates; the titration values, however, did not increase, which 
indicates that the lipolytic organisms present were not respon-
sible for any appreciable lipolysis. Flask 7 also had a relatively 
high count after 3 and 7 days, including some lipolytic organ-
isms after 7 days, and the titration values were high. With the 
remaining five flasks, the bacterial counts were relatively low at 
all periods, but the titration values increased. 
Cream-sugar mixtures were inoculated with relatively large 
numbers of a lipolytic organism from a plate poured with a 
cream-sugar mixture containing tissue; the numbers tended to 
decrease with continued incubation, and there was no evident 
increase in the titrable acidity. 
The general results indicate that lipolysis in cream-sugar mix-
tures treated with mammary tissue or an extract of it was 
brought about primarily by lipase in the tissue rather than by 
action of bacteria present. Commonly the cream-sugar mixtures 
developed a conspicuous rancid odor during incubation. With 
continued incubation, the odor eventually suggested that of 
aged cheddar cheese. 
EFFECT OF ADDING DESICCATED MAMMARY TISSUE OR AN EXTRACT 
OF IT TO PASTEURIZED MILK ON THE QUALITY OF THE CHEESE 
When tissue was added to milk, the powdered . material was 
suspended in water. Extracts of tissue were made with la-per-
cent aqueous sodium chloride, as already outlined. The tissue 
or extract was added to the milk just before addition of the 
rennet. 
EFFECT OF TISSUE 1 (cow) 
The effect of adding tissue 1 or an extract of it to pasteurized 
milk for cheese was studied with foul' series of cheese. F or each 
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series 600 pounds of milk was divided into three equal portions. 
Portion 1 was used for control cheese, portion 2 was treated with 
20 gm. of tissue, and portion 3 was treated with an extract of 
20 gm. of tissue. Table 6 gives the placings of the cheese on 
flavor after 2, 3 and 5 months at 50°F. (10.0°0.) and the acidi-
ties of the cheese fat after 5 months. 
After 2 months, cheese made with tissue or extract were 
slightly rancid, indicating fat hydrolysis. After 3 months, cheese 
made with tissue was still slightly rancid in three of the four 
series, whereas cheese made with extract had lost the rancidity 
and had a good flavor. After 5 months, cheese made with tissue 
or extract were not rancid and had a flavor characteristic of 
aged cheese. Throughout the ripening, the control cheese were 
lacking in flavor and after 5 months had a bitter flavor in three 
of the four series. 
The acidities of the fat of cheese made with tissue or extract 
were relatively high after 5 month, suggesting a significant 
change in the fat, since the acidities of the fat of the control 
cheese were low. 
EFFECT OF EXTRACT OF TISSUE 2 (cow) 
The effect of adding an extract of tissue 2 to pasteurized milk 
for cheese was studied with four series of cheese. With each 
series, 480 pounds of milk was divided into two equal portions, 
one portion being used for control cheese while the other was 
treated with an extract of 2 gm. of tissue 2. Scores on the cheese 
after 1 and 2 months at 50° and 55°F. (10.0° and 12.8°0.) are 
presented in table 7. 
After 1 month, cheese made with extract regularly scored 
higher in flavor and in body and texture than control cheese; 
flavor scores were 0.5 to 1.0 point higher, and body and texture 
scores also were 0.5 to 1.0 point higher. After 2 months, flavor 
scores were 0.0 to 2.0 points higher with extract, and the body 
and texture scores were 0.5 to 1.5 points higher. 
In general, the cheeEe ripened for 1 month at 55°F., rather 
than at 50°F., tended to score the higher on flavor and on body 
and texture. After 2 months there was more irregularity in the 
comparative scores. 
EFFECT OF EXTRACTS OF TISSUES 4, 5, 9 AND 10 (cow) 
The effect of extracts of tissues 4, 5, 9 and 10 on cheese from 
pasteurized milk was studied with five series of cheese. For each 
series, five 5-pound cheese were made simultaneously in a mul-
tiple cheese vat. One cheese was used as a control, while an ex-
tract of 1 gm. of tissue was added to the milk used for each of 
the other cheese. Scores on the cheese after 1, 2 and 3 months 
at 50°F. (10.0°0.) are given in table 8. 
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After 1 month, cheese made with extracts scored from 0.0 to 
1.25 points higher on flavor than control cheese, and the body 
and texture scores commonly were higher. After 2 months, 
flavor scores again were higher on cheese made with extracts, 
the differences varying from 0.25 to 2.5 points; body and texture 
scores usually were higher. After 3 months, cheese made with 
extracts continued to score higher in flavor, the differences rang-
ing from -0.25 to 1.25 points; the body and texture of the two 
types of cheese varied only slightly. 
Oontrol cheese regularly were lacking in flavor. In one series 
the control cheese was bitter, and in this series three of the 
cheese made with extracts also were bitter, but the defect was not 
as pronounced as in the control cheese. 
EFFECT OF VARlOUS AMOUNTS OF EXTRACTS OF 'fISSUES 3, 7 AND 8 (cow) 
The effect of various amounts of extracts of tissues 3, 7 and 8 
on cheese from pasteurized milk was studied with six series of 
cheese. For each series, five 5-pound cheese were made simul-
taneously in a multiple cheese vat. One cheese was used as a 
control, while the milk for each of the other cheese was treated 
with an extract of 0.5, 1, 1.5 or 2 gm. of tissue. Each of the 
three tissues was used in two of the series. Table 9 gives the 
placings of the cheese on flavor after 1 and 2 months at 50°F. 
(10.0°0.) and the scores on the cheese after 3 months. 
After 1 month, cheese made with the larger 'amounts of ex-
tract placed relatively high, while control cheese or cheese made 
with the smallest amount of extract placed relatively low. After 
2 months, the placings were much the same as after 1 month 
with the exception of series 3 and 4 in which cheese made with 
the maximum amount of extract placed low. The flavor scores 
after 3 months commonly were higher on cheese made with ex-
tract than on the control cheese, particularly with the larger 
amounts of extract. 
Oontrol cheese and cheese made with the smallest amount of 
extract often were lacking in flavor, while cheese made with 
larger amounts of extract had a comparatively high flavor. In 
some instances the body and texture scores also were higher 
with the larger amounts of extract. 
EFFECT OF TISSUES 7 AND 8 (cow) ON CHEESE FROM RAW OR 
PASTEURIZED MILK 
The effect of tissues 7 and 8 on cheese made from raw or pas-
teurized milk was studied with three series of cheese. For each 
series, 1,360 pounds of milk was used. One-half of the milk was 
divided into two equal parts and placed in vats. The other half 
was pasteurized and divided into two equal parts in vats. Thirty 
gm. of tissue was added to one vat of raw milk and to one vat of 
pasteurized milk. Table 10 gives the scores on the cheese after 
3 months at 50°,55° or 60°F. (10.0°,12.8° or 15.6°C.). 
At 50°F., cheese from pasteurized milk with tissue scored 
higher in flavor than the other cheese in two of the three series; 
with the remaining series cheese from raw milk without tissue 
scored highest. At 55°F., cheese from pasteurized milk with 
tissue scored higher than the other cheese in one series and had 
the same score as the raw milk cheese without tissue in the other 
two series. At 60°F., cheese from pasteurized milk with tissue 
scored higher than the other cheese in two series but scored 
lower than raw milk cheese without tissue in one series. 
Cheese from pasteurized milk without tissue was lacking in 
flavor and in several instances scored lower than the other cheese 
in the series. Cheese from raw milk with tissue tended to be 
slightly rancid, and in two of the three E:eries the flavor was 
unclean. 
The body and texture scores did not show any conspicuous 
differences except that in some instances the cheese from pas-
teurized milk without tissue scored lower than the other cheese. 
EFFECT 0>' EWE M.UIMARY TISSUE OR AN EXTRACT OF I'l' 
The effect of adding ewe mammary tissue or an extract of it 
to pasteurized milk for cheese was studied with three series of 
cheese. For each series, five 5-pound cheese were made simul-
taneously in a multiple cheese vat; one cheese was used as a con-
trol, while tissue or an extract of it was added to the milk for 
each of the others. The amounts of tissue added were 0.5, 1, 1.5 
and 3 gm., and the extracts r epresented 0.5, 1, 1.5 and 3 gm. of 
tissue. Table 11 gives the scor~s on the cheese after 1, 2 and 3 
months at 50°F. (10.0°C.) . 
After 1 month, cheese made with tissue or extract regularly 
scored higher in flavor than the control cheese, the differences 
varying from 0.25 to 1.25 points; the body and texture of the 
cheese also scored higher than with the controls. After 2 months, 
cheese made with tissue or extract scored 0.5 to 1.0 point higher 
in flavor than the control cheese, and after 3 months they scored 
0.25 to 1.25 points higher; the body and texture scores after 2 
and 3 months commonly were higher with tissue or extract 
added. Cheese made with the larger amount of tissue or extract 
frequently scored higher than cheese made with the smaller 
amount, particularly after 1 and 2 months. 
The control cheese or cheese made with the smaller amount 
of tissue regularly were criticized as lacking flavor. Cheese made 
with extract or with the larger amount of tissue commonly had 
a high flavor suggestive of old cheese, although in some instances 
the flavor was slightly rancid. 
tf65 
COMMERCIAL LOTS OF CHEESE MADE WITH EXTRAC1'S OF MAMMARY TISSUES 
A number of commercial lots of cheese were made with ex-
tracts of mammary tissues. For each lot about 2,000 pounds of 
milk was used, 170 pounds of which was made into control 
cheese. The remaining milk was treated with an extract of 30 
to 40 gm. of tissues 1, 2, 10 or 11. Longhorn-style cheese were 
made and ripened at 50°, 55° or 60°F. (10.0°, 12.8° or 15.6°C.). 
Cheese made with the extracts generally were of good quality. 
After 3 to 4 weeks considerable flavor had developed, and the 
body and texture were quite satisfactory; this was particularly 
true with cheese ripened at 60°F. After 2 to 3 months the 
cheese had a rather high flavor and definitely was better in flavor 
and in body and texture than the control cheese. 
EFFECT OF MAMMARY TISSUES OR E..'CTRACTS OF THEM ON THE 
SOLUBLE NITROGEN IN CHEESE 
Four series of cheese were used to study the effect on the 
soluble nitrogen in the cheese of adding mammary tissues or 
extracts of them to pasteurized milk for cheese. Each series 
contained five 5-pound cheese made simultaneously in a multiple 
cheese vat; one cheese was used as the control, while the milk for 
each of the four ot4ers was treated with tissue or extract. The 
cheese were ripened at 50°F. (10.00C.) for 3 months and then 
analyzed. Table 12 presents the results and also the acidities of 
the cheese fat. 
In general, the soluble nitrogen values were higher when tis-
sue or extract was used than with the control cheese; the differ-
ences never were large and in some instances were very small. 
When two amounts of tissue or extract were used, the larger 
amount gave a somewhat higher value for soluble nitrogen than 
the smaller amount. 
The tissue or extract increased the acidity of the fat, as in the 
previous trials. The various tissues gave different increases, and 
when two amounts of tissue or extract were used the larger 
amount gave the greater increase. 
LIPOLYTIC ACTIVITIES OF DESICCATED LIVER OR SPLEEN TISSUES 
OR EXTRACTS OF THEM 
One sample of powdered, desiccated spleen tissue and one of 
liver tissue were obtained from a pharmaceutical laboratory. 
Extracts were prepared by the procedure used with mammary 
tissues, and both the tissues and extracts were tested for lipoly-
tic activity in cream-sugar mixtures. Table 13 presents the data. 
The results show that spleen and liver tissues or extracts of 
them increased the titrable acidity of cream-sugar mixtures after 
3 and 7 days. The liver tissue or extract gave slightly higher 
values than the spleen tissue or extract. The values obtained 
with the materials were higher than those obtained with some 
of the mammary tissues tested but were not as high as with the 
more active mammary tissues. 
EFFECT OF ADDING EXTRACT OF LIVER TISSUE TO PASTEURIZED 
MILK ON THE SCORE OF THE CHEESE 
The effect of adding an extract of liver tissue to pasteurized 
milk for cheese was studied with three series of cheese. A series 
consisted of five 5-pound cheese made simultaneously in a mul-
tiple cheese vat. One cheese was the control, while the milk for 
each of the remaining cheese was treated with extracts of vary-
ing amounts of liver tissue. Table 14 gives the scores on the 
cheese after 1, 2 and 3 months at 55°F. (12.8°0.). 
After 1 month, the extracts had no definite effect on the flavor 
or the body and texture of the cheese. After 2 months, cheese 
made with extract in series 2 scored slightly higher in flavor and 
in body and texture than the control cheese, but in series 1 and 3 
there was little effect. After 3 months, cheese made with extract 
sometimes scored slightly higher on flavor than the control 
cheese but not on body and texture. 
EFFECT OF ADDING SPLEEN TISSUE OR AN EXTRACT OF IT TO 
PASTEURIZED MILK ON THE SCORE OF THE CHEESE 
The effect of adding spleen tissue or an extract of it to pas-
teurized milk for cheese was studied with three series of cheese. 
Each series consisted of five 5-pound cheese made simultane-
ously in a multiple cheese vat. One cheese was used as the con-
trol, while the milk for each of the others was treated with spleen 
tissue or an extract of it; two amounts of tissue and of extract 
were employed. The cheese were scored after 1, 2 and 3 months 
at 55°F. (12.8°0.). The results are given in table 15. 
After 1 month, the flavor scores on cheese made with tissue or 
extract commonly were higher than with the controls, the differ-
ences ranging from -0.5 to 1.0 point; the body and texture of 
cheese made with the added materials regularly scored slightly 
higher than with the controls. After 2 months, the flavor of 
cheese made with tissue or extract again generally scored higher 
than with the controls, the variations being comparable to those 
at the end of 1 month. After 3 months, cheese made with the 
added materials continued to score from - 0.5 to 1.0 point higher 
in flavor than the controls. The body and texture of the cheese 
after 2 and 3 months were influenced very little by the tissue or 
extract. 
Oheese made with tissue or extract developed considerable 
flavor after 3 months and frequently had a good flavor; how-
467 
ever, with the larger amount (3 gm. per 50 pounds of milk) of 
tissue, an unclean flavor sometimes was noted. Control cheese 
generally were lacking in flavor. 
DISCUSSION 
The results presented are in general agreement with the sug-
gestions of Suzuki, Hastings and Hart (22) and of Lane and 
Hammer (14) that some fat hydrolysis is important in the de-
velopment of cheddar cheese flavor. This general relationship is 
emphasized particularly by the higher fat acidity and flavor ob-
tained in cheese made from pasteurized milk when desiccated 
mammary tissue or an extract of it was added to the milk. 
The development and disappearance of rancidity in cheese 
made with certain procedures suggest that fat hydrolysis liber-
ates butyric acid which then is destroyed or combined in some 
way so that the odor is no longer conspicuous. Presumably 
other fatty acids also are liberated from the fat but because of 
their low solubility in water largely accumulate in the fat. 
Fouts (7) reported that butter which was not rancid sometimes 
had relatively high fat acidities and that some rancid butter had 
relatively low fat acidities. The fatty acids, or derivatives of 
them, that accumulate in the fat of cheddar cheese may con-
tribute to the rather characteristic flavor of the product. 
Various mechanisms are possibilities in connection with the 
destruction of butyric acid in cheese. Microorganisms may be 
important. In blue-veined cheeses, fatty acids apparently are 
changed in part to methyl ketones through the action of the 
typical molds (3, 13). An enzyme that liberates butyric acid 
also may tend to combine it in some way. 
Apparently there is no very close relationship between the fat 
acidity and flavor of cheese. Raw milk cheese sometimes had a 
better flavor than cheese made from raw homogenized cream 
and skimmilk, although the fat acidity of the latter was much 
the higher. Perhaps changes other than simple hydrolysis of the 
fat are necessary in the development of typical cheddar cheese 
flavor; the subsequent changes may explain why raw milk cheese 
had a better flavor than pasteurized milk cheese without large 
differences in the fat acidities of the two types. 
When cheddar cheese is manufactured from pasteurized milk, 
either because of the demands of health officials or for the con-
trol of undesirable fermentations, a procedure which gives a 
desirable type of fat hydrolysis should be helpful in obtaining 
a satisfactory flavor. Addition of mammary tissue or an extract 
of it to the milk appears to be a partial solution of the problem 
of improving flavor development in pasteurized milk cheese. 
Homogenization of the cream also speeded up fat hydrolysis 
in cheese when the cream or skimmilk was raw so that it con-
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tained active lipase. When both the cream and skimmilk were 
pasteurized, the increase in fat hydrolysis was of little signifi-
cance from the flavor standpoint. Homogenization would have 
certain disadvantages for a product in which the margin of 
profit is small, such as the cost of separating and homogenizing 
the cream; variation in lipase activity of the original milk also 
might be a factor. The use of raw cream or skimmilk would 
not meet the demands of health officials nor control objection-
able organisms in the original milk. 
The failure to get desirable cheese from pasteurized milk 
treated with pancreatin indicates that lipase from certain sources 
is not suitable. Since the lipase in milk seems to be satisfactory 
in raw milk cheese, mammary tissue should be a desirable source 
of lipase for pasteurized milk cheese. Undoubtedly extracts 
would be more desirable to use and more convenient than desic-
cated tissues. 
The effect of mammary tissue or an extract of it, in often im-
proving the body and texture of cheese from pasteurized milk 
and in slightly increasing the soluble nitrogen in the cheese, 
suggests that mammary tissue may contain a proteolytic as well 
as a lipolytic enzyme. Perhaps with a proteolytic enzyme nor-
mally in milk, one should be expected in mammary tissue. 
If mammary tissue extracts are to be used in commercial man-
ufacture of cheese from pasteurized milk, methods of preparing, 
standardizing and preserving them must be developed. The evi-
dence suggests that ewe or sow mammary tissue may be more 
suitable starting material than cow tissue. Goat tissue is an-
other possibility. Perhaps extracts of fresh tissue, rather than 
desiccated tissue, will be more satisfactory from the standpoint 
of expense of preparation and loss of enzyme activity. 
When a standardized mammary extract is available, it will 
be possible to determine the most suitable amount to use in pas-
teurized milk. It may be advisable to vary the amount from one 
vat of milk to another or from season to season. With the tis-
sues studied, the rancidity developed by relatively high concen-
trations of extract commonly disappeared or became very slight 
within a few months. 
TABLE 1. EFFECT OF HOMOGENIZING THE CREAM ON THE FLAVOR OF SMALL (2.5 POUND) CHEESE. 
(Cheese ripened at 55 of.) , 
Cheese Placing and criticisms of cheese on flavor after Acidity of 
Milk used cheese fat 
Series No. 1 mo. 2 mo. 3 mo. 4 mo. after 4 mo.· 
1- 1 Raw 2 acid 2 acid 1 good 1 good 2.3 
1-2 Pasteurized 1 acid 3 acid. bitter 5 slightly bilter 5 s lightly bitter 1.1 
1-3 Raw skim+raw homo. cream 5 rancid 5 slightly rancid 3 slightly mncid 2 good 5.8 
1- 4 Past. skim+past. homo. cream 4 bitter 4 bitter 4 bitter 4 bitter 2.0 
1- 5 Past. skim+raw homo. cream 3 acid. slightly rancid 1 good 2 good 3 good 5.4 
2-1 Raw 1 good 1 good 1 good 3 good 1.8 
2-2 Pasteurized 2 lacking 5 lacking 5 lacking 5 lacking 1.2 
2-3 Raw Rkim+raw homo. cream 3 slightly rancid 3 slig htly rancid 2 good 1 good 3.5 
2-4 Past. skim+past. homo. cream 5 lacking 2 lacking 4 slig htly bitter 4 bitter 1.4 
2-5 Past. skim+l'aw homo. cream 4 slightly rancid 4 acid 3 good 2 good 3.0 
3- 1 Raw 3 slightly unclean 1 good 2 "ood 3 good 1.6 
3- 2 Pasteurized 1 lacking 3 lacking 5 acid 5 acid 0.9 
3-3 Raw skim+raw homo. cream 5 rancid 5 slightly rancid 1 good 1 good 5.0 
3--4 Past. skim +past. homo. cream 2 lacking 4 lacking 4 acid 4 acid 1.2 
3- 5 Past. skim+raw homo. cream 4 slightly rancid 2 good 3 good 2 good 3.2 
~ 
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4- 1 Raw 1 good 3 slig htly unclean 1 good 1 good 1.8 
4-2 Pasteurized 4 lacking 1 lacking 5 lacking 5 lacking 0.8 
4- 3 Raw skim+raw homo. cream 5 rancid 5 slightly rancid 2 good 2 good 8.2 
4-4 Past. skim+past. homo. cream 2 lacking 4 bitter 4 bitter 4 bitter 1.2 
4-5 Past. skim + raw homo. cream 3 s lightly rancid 2 good 3 good 3 good 2.5 
5-1 Raw 4 acid 3 acid 2 good 1 good 2.0 
5- 2 Pasteurized 3 bitter 4 bitter 4 lacking 5 lacking 1.1 
5-3 Raw skim+raw homo. cream 5 rancid 5 rancid 5 slightly rancid 3 good 9.7 
5-4 Past. skim+past. homo. cream 2 lacking 2 good 3 good 4 good 1.3 
5-5 Past. skim+raw homo. cream 1 good 1 good 1 good 2 good 4.2 
6-1 Raw 3 acid 2 acid 3 good 1 good 2.2 
6-2 Pasteurized 4 lacking 5 lacking 5 lacking 3 lacking 0.9 
6- 3 Raw skim+raw homo. cream 5 rancid 3 slightly rancid 2 good 4 slightly unclean 8.3 
6-4 Past. skim+past. homo. cream 2 good 4 hitter 4 bitter 5 bitter 2.0 
6-5 Past. skim+raw homo. cream 1 good 1 good 1 good 2 good 4.9 
























TABLE 2. EFFECT OF HOMOGENIZING THE CREAM ON THE FLAVOR OF NORMAL-SIZE CHEESE. 
(Cheese ripened at 50'F.) 
Placing and criticisms of cheese on flavor after 
Milk used 
1 mo. 2 mo. 4 mo. 6 mo. 
Raw 2 good 2 good, slightly acid 1 good 1 good 
Pasteurized 1 lacking 4 lacking 4 lacking 3 slightly bitter 
Raw skim + raw homo. cream 4 rancid 1 good 2 good 2 good 
P'ast. skim+raw homo. cream 3 lacking 3 lacking 3 slightly bitter 4 slightly bitter 
Raw 1 good 1 good 1 good 1 good 
Pasteurized 3 acid 2 acid, bitter 4 acid, bitter 4 acid, bitter 
Raw skim +raw homo. cream 4 rancid 4 rancid 2 slightly ran'cid 2 good 
Past. skim+raw homo. cream 2 slightly rancid 3 s lightly rancid 3 slightly rancid 3 good 
Raw 2 good 1 good 1 good 1 good 
Pasteurized 3 lacking, bitter 4 bitter 4 lacking, bitter 4 acid, bitter 
Raw skim+raw homo. cream 4 rancid 3 slightly rancid 2 slightly fermented 2 slightly fermented 
Past. skim+raw homo. cream 1 good 2 good 3 bitter 3 bitter 
Raw 2 good 2 good 1 good 2 good 
Pasteurized 3 lacking 4 lacking, bitter 4 lacking, bitter 4 bitter 
Raw skim + raw homo. cream 4 rancid 1 good 2 good 1 good 
P'ast. skim+raw homo. cream 1 good 3 good 3 good 3 good 
Raw 2 good 2 good 2 good 2 good 
Pasteurized 4 lacking 4 lacking, bitter 3 lacking. bitter 4 bitter 
Raw Bkim+raw homo. cream 1 slightly rancid 1 good 1 good 1 good 
Past. skim+raw homo. cream 3 good 3 good 4 bitter 3 bitter 
'=Ml. O.lN KOH equiv. to acid in 10 gm. fat. 
Acidity of 
cheese fat 























TABLE 3. EFFECT OF HOMOGENIZING THE CREAM ON THE GENERAL QUALITY OF COMMERCIAL LOTS OF CHEESE. 
(Cheese ripened at 50·F.) 
-
Cheese Score on cheese after Remarks after 3 mo. 
Milk used 1 mo. I 2 mo. I 3 mo. 
- Body and Series No. Flavor I Body and I Flavor I Body and I Flavor I Body and Flavor texture textur~ texture texturo 
1-1 Pasteurized 38.5 ) 28 I 38.5 ) 28.5 \ 38.5 ) 29 lacking good 1-2 Pa~t. skim+raw homo. cream 38 28 38.5 28.5 39 28.5 good crumbly I 






28.5 ) 39 ) 29 slightly bitter good 2-2 Past. skim + raw homo. cream 38 28 39 28.5 39.5 29 good good 




38.5 ) 29 ) 39 ) 29 lacking good 3-2 Past. skim+raw homo. cream 38 28.5 38.75 29 39.5 29 good good 
) ) ) ) 
I 
4- 1 Pasteurized 38.5 28 38.5 28.5 39 
II 
28.5 acid. bitter crumbly 
4-2 Raw ski m + past. homo. cream 38.25 28.5 39 28.5 40 29 good good 
) ) ) ) 
I 
acid. bitter 5-1 Pasteurized 38.5 28 39 29 39 I 29 good 5-2 Raw skim+past. homo. cream 38 28 39.5 28.5 40 29 good good 
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TABLE 4. LIPOLYTIC ACTIVITIES OF MAMMARY TISSUES AND EXTRACTS OF THEM. 
(Cream-sugar mixtures held at 98.S"F.) 
Source of tissue M1." O.lN NaOH equiv. to 10 gm. cream-sugar mixture 
Powdered tissue*ljl: I Tissue extract". Condition At .once I 3 days I 7 days I At .once I 3 days I 
0.2 I 1.6 I 3.6 I 0.2 I 1.5 I 
0.0 I 1.1 I 1.7 I 0.0 I 0.7 I 
dry 0.1 I 0.6 I 1.1 I 0.1 I 0.5 I 
fresh 0.0 I 0.7 I 1.1 I O.C I 0.6 I 
lactating 0.1 I 0.8 I 1.3 I 0.1 I 0.6 I 
dry 0.1 I 0.9 I 1.7 I 0.1 I 0.9 I 
lactating 0.1 I 1.2 I 2.3 I 0.1 I 0.9 I 
0.3 I 2.0 I 3.6 I 0.1 I 1.4 I 
0.2 I 0.9 I 1.8 I 0.1 I 0.6 I 
0.2 I 1.9 I 3.7 I 0.1 I 1.3 I 
0.3 I 3.5 i 5.1 I 0.2 I 2.5 I 
dry 0.2 I 2.2 I 3.7 I 0.2 I 1.7 I 
lactating 0.3 I 3.8 I 6.1 I 0.2 I 3.0 I 
lactating 0.2 I 2.9 I 5.4 I 0.2 I 2.7 I 
0.1 I 2.6 I 4.2 I 0.1 I 1.9 I 
• = Control values were subtracted . 

















TABLE 5. LIPOLYTIC ACTIVI'l'IES OF MAMMARY TISSUES AND EXTRACTS OF THEM; ALSO TOTAL BACTERIAL COUNTS AND 
NUMBERS OF LIPOLYTIC ORGANISMS IN THE CREAM-SUGAR MIXTURES. 
(Cream-sugar mixtures held at 98.6°F.) 
M1. O.lN NaOH equiv. to Bacteria per gIn. of cream-sugar mixture 
Flask Material added per 200 gm. 10 gm. cream-sugar 
No. cream-sugar mixture mixture Total 
Lipolytic 
At once 3 days 7 days At once 3 day. 7 days At once 3 days 7 days 
---- ---- ---- ----
----
I 0.5 0.5 0.5 50 70,500 1,500,000 <50 some* some 
2 1 gm. tissue 2 0.8 1.4 2.3 8,000 3,700 7,850 <50 <50 <50 
3 1 gm. tissue 3 0.7 1.3 2.2 100 250 700 <50 300 <50 
4 1 gm. tissue 11 0.7 4.2 6.1 100 150 <50 <50 <50 <50 
5 Extract of 1 gm. tissue 2 0.7 0.9 2.2 9,250 130,000 60,000 <50 <50 <50 
6 E..,<tract of 1 gm. tissue 3 0.7 1.0 1.9 100 650,000 7,750 <50 <50 <50 
7 E.xtract of 1 gm. tissue 11 0.8 2.8 4.5 50 1,080,000 1,280,000 <50 <50 185,000 




TABLE 6. EFFECT OF ADDING MAMMARY TISSUE 1 (COW) OR AN EXTRACT OF IT TO PASTEURIZED MILK ON THE 
FLAVOR OF THE CHEESE. 
(Cheese ripened at 50°F.) 
Cheese Placing and criticisms of cheese on flavor after Acidity of Material added to 200 lbs. cheese fat 
Series No. milk 2 mo. 3 mo. 5 mo. after 5 mo .• 
1-1 3 lacking 3 lacking 3 lacking, bitter 1.2 
1-2 20 gill. tissue 2 slightly rancid 2 slightly rancid 2 good 6.2 
1-3 Extract of 20 gm. tissue 1 slightly rancid 1 good 1 good 5.0 
2-1 3 lacking 3 lacking 3 bitter U. 
2-2 20 gill. tissue 2 slightly rancid 2 slightly rancid 2 good 4.8 
2-3 Extract of 20 gill. tissue 1 slightly rancid 1 good 1 good 4.3 
3-1 3 lacking 3 lacking 3 bitter 1.0 
3-2 20 gill. tissue 2 slightly rancid 2 slightly rancid 2 good 3.9 
3-3 Extract of 20 gill. tissue 1 slightly rancid 1 good 1 good 4.0 
4-1 3 lacking 3 lacking 3 lacking 1.3 
4-2 20 gill. tissue 2 slightly rancid 1 good 1 good 7.2 
4-3 Extract of 20 gm. tissue 1 slightly rancid 2 good 2 good 6.4 




TABLE 7. EFFECT OF ADDING EXTRACT OF MAMMARY TISSUE 2 (COW) TO PASTEURIZED MILK ON THE 
SCORE OF THE CHEESE. 
(Cheese ripened at 50° and 55°F.) 
Score on cheese after 
Material added to 1 mo. 2 mo. 
Series No. 240 lbs. milk 50°F. 55°F. 50°F. 55°F. 
Flavor Body and Flavor Body and Flavor B<Y.!yand Flavor Body and texture texture texture texture 
1-1 38 28 38.5 28 39 28.5 39 28.5 
1-2 Extract of 2 gm. tissue 38.5 28.5 39 29 39.5 29 40 29 
2-1 38 28 38.5 28.5 39 28 39 28.5 
2-2 Extract of 2 gm. tissue 39 28.5 39.5 29 39.5 29 39.5 29 
3-1 38 28 38.5 28 39.5 28.5 39 28.5 
3-2 Extract of 2 gm. tissue 38.5 29 39 29 39.5 29 39.5 29 
4-1 87.5 28 38 27.5 39 28 38 27.5 
4-2 Extract of,2 gm. tissue 38 28.5 39 28.5 40 29 40 29 
~ 
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TABLE 8. EFFECT OF ADDING EXTRACTS OF MAMMARY TISSUES 4, 5, 9 OR 10 (COW) TO PASTEURIZED MILK 
ON THE SCORE OF THE CHEESE. 
(Cheese ripened at 50'F.) 
Cheese Score on cheese after 
-----
Material added to 50 lhs. milk 1 mo. I 2 mo. I 3 mo. Remarks on cheese flavor after 3 mo. Series No. I Body and I I B(yly and I I Body and Flavor textul'O Flavor , texture Flavor texturo 










29 bitter, lacking 
1-2 Extract of 1 gm. tissue 4 39.25 29 41 29.25 40 29 good 
1- 3 Extract of 1 gm. tissue 5 39 29 40 29 39.5 29 slightly bitter 
1- 4 Extract of 1 gm. tissue 9 39.5 I 28.5 39.25 29 39.25 29 s lightly bitter 1- 5 Extract of 1 gm. tissue 10 38.75 29 39.5 I 29 39 29 slightly bitter 










28.75 acid, lacking 
2- 2 Extract of 1 gm. tissue 4 39.5 29 39.25 29 39.5 29 slightly acid 
2- 3 Extract of 1 gm. tissue 5 38.7;; 28.5 39 29 39.25 28.75 slightly acid 
2-4 Extract of 1 gm. tissue 9 39.25 29 38.75 29 39.25 29 slil<htly fermented 
2-5 Extract of 1 gm. tissue 10 39 29 39.5 29 38.75 28.75 slightly acid 
3-1 38.5 
I 
28.5 I 38.5 
I 
28.5 I 38.5 
I 
28.75 lacking 
3- 2 Extract of 1 gm. tissue 4 39.0 29 39.75 29 39.5 29 good 
3-3 Extract of 1 gm. tissue 5 39 .25 29 
I 
39.25 29 39.25 29 lacking 
3-4 Extract of 1 gm . tissue 9 39.75 29.25 39.5 29 I 39 29 good 3-5 Extract of 1 gm. tissue 10 39 29 39.25 29 39 29 lacking 






38.75 29 lacking 
4- 2 Extract of 1 gm. tissue 4 E9.5 29.25 40 29.5 39.75 29 good 
4- 3 Extract of 1 gIn. tissue 5 38.75 29 39 29 39.25 29 slightly bitter 
4- 4 Extract of 1 gm. tissue 9 39.5 29 .5 40 
\ 
29.5 39.5 29 good 
4-5 Extract of 1 gm. tissue 10 38.5 28.75 38.75 29 39 29 slio:htly bitter. lackinl< 









5-2 Extract of 1 gm. tissue 4 39.5 29 40 29 39.5 29 good 
5-3 Extract of 1 gm. tissue 5 39 29 40 29 39 .75 29 good 
5-4 Extract of 1 gm. tissue 9 39.5 29.25 39.75 29.5 39.5 29 good 
5-5 Extract of 1 gm. tissue 10 38.5 28.75 39 .25 29 I 39.25 29 slightly acid, lackino: 
t 
0"> 
TABLE 9. RESULTS 'OF ADDING VARIQUS AMOUNTS 'OF EXTRACTS 'OF MAMMARY TISSUES 3,7 'OR 8 (CQW) TQ PASTEURIZED 
MILK 'ON THE PLACING AND SCQRE 'OF THE CHEESE. 
(Cheese ripened at 50°F.) 
--
Cheese 
Material added to 50 lbs. milk 
Placing of cheese on flavor after Scores and remarks on cheese after 3 mo. 
Series No. 1 mo. I 2 mo. Flavor Body and texture 
1-1 5 
I 
4 38.5 lacking 28 curdy 
1-2 Extract of 0.5 gm. tissue 3 4 5 39 good 28.25 slightly curdy 
1-3 Extract of 1 gm. tissue 3 3 3 39.5 good 28.5 slightly curdy 
1- 4 Extract of 1.5 gm. tissue 3 2 1 40 very good 29 good 
1- 5 Extract of 2 gm. tissue 3 1 2 39.5 good 28.75 good 
2- 1 4 
I 
5 38.25 lacking 28.5 curdy 
2-2 Extract of 0.5 gm. tissue 3 5 4 38 lacking 28.5 curdy 
2-3 Extract of 1 gm. tissue 3 3 1 40 good 29.5 very good 
2-4 Extract of 1.5 gm. tissue 3 1 2 38.5 acid 28.5 slightly curdy 
2-5 Extract of 2 gm. tissue 3 2 3 39.25 good 29 good 
3-1 5 
I 
5 38.5 acid, lacking 28.5 curdy 
3- 2 E."tract of 0.5 gm. tissue 7 4 3 38.5 acid, lacking 27.5 curdy 
3-3 Extract of 1 gm. tissue 7 3 1 39 good 29 slightly curdy 
3-4 Extract of 1.5 gm. tissue 7 2 2 39 good 29 slightly curdy 
3- 5 Extract of 2 gm. tissue 7 1 I 4 39.5 good 29.5 good 
4- 1 5 
I 
5 38.5 acid, lacking 29 good 
4-2 Extract of 0.5 gm. tissue 7 4 3 40 very good 29.5 good 
4- 3 Extract of 1 gm. tissue 7 2 2 38.75 slightly acid 29 good 
4-4 Extract of 1.5 gm. tissue 7 1 1 39.5 good 29 good 
4- 5 Extract of 2 gm. tissue 7 3 4 40 very good 29 good 
5-1 5 
I 
3 38.5 acid. lacking 28.5 curdy 
5-2 Extract of 0.5 gm. tissue 8 4 5 38.5 acid. lacking 28.5 curdy 
5-3 Extract of 1 grn. tissue 8 2 4 39 slightly acid 28.5 curdy 
5-4 Ex tract of 1. 5 gm. tissue 8 3 I 2 39.5 good 29 slightly curdy 
5-5 Extract of 2 gIn. tissue 8 1 I 1 39.25 good 29 slightly curdy 
6-1 5 
I 
4 37.5 bitter 29 good 
6-2 E."tract of 0.5 gm. tissue 8 4 5 37.5 bitter 29 good 
6-3 Extract of 1 gm. tissue 8 3 3 37.5 bitter 29 good 
6-4 Extract of 1.5 gm. tissue 8 1 I 1 39 
good 29 good 

















TABLE 10. EFFECT OF ADDING MAMMARY TISSUES 7 OR 8 (COW) TO RAW OR PASTEURIZED MILK 
ON THE SCORE OF THE CHEESE. 
(Cheese ripened at 50', 55' and 60'F.) 
Score on cheese after 3 mo. 
Material added to 50'F. I 55'F. I 60'F. Milk used 340 pounds of Remarks on cheese flavor 
milk Flavor I Body and I Flavor I Body and I Flavor I Body an" texture texture texture 
Raw 38 28.5 37.5 28.5 38.5 
t 
28.25 unclean 
R.o.w 30 gm. tissue 7 38 28.5 38 29 38.5 28.25 unclean, slightly rancid 
Pasteurized 38.5 28 38.5 28.5 38.5 28 acid, lacking 
Pasteurized 30 gm. tissue 7 39 28.5 39.25 29 39.5 28 slightly acid 
I 
I I I Raw 38.5 29 39 29 39 I 28.5 slightly fermented 




28.5 slightly rancid 
Pasteurized 38 28.5 38 28.5 38.5 28 lacking 
Pasteurized 30 gm. tissue 7 39 29 39 28.5 39.5 28 good 
Raw 39 29 39 29 40 28 good 
Raw 30 gm. tissue 8 38.5 29 38.5 29 39 28 slightly rancid, slightly unclean 
Pasteurized 38 28 38 28.5 38.5 27.5 lacking 




TABLE 11. EFFECT O'F ADDING MAMMARY TISSUE OF EWE O'R AN EXTRACT O'F IT TO' PASTEURIZED MILK 
O'N THE SCO'RE O'F THE CHEESE. 
(Cheese ripened at 50°F.) 
-
Score on cheese after 
Material added to 50 lbs. milk 1 mo. I 2 mo. I 3 mo. Remarks on cheese flavor 








28.5 38.5 28.75 lacking 
1-2 0.5 gm. tissue 38.75 28. 75 39 28.5 38.75 28.75 lacking 





1- 4 Extract of 0.5 gm. tissue 39 29 39 29 39 28.75 lacking 
1-5 Extract of 1.5 gm. tissue 39.25 29.25 I 39.5 29 39.5 28.75 good 
I 
I 
2-1 38.5 28.5 38.5 28.5 38.5 28.75 lacking 
2- 2 0.5 gm. tissue 38.75 28.75 39 29 38.75 29 lacking 
2-3 1.5 gm. tiss.ue 39.25 29 39.5 29 39.75 29.25 good, slightly rancid 
2-4 Extract of 0.5 gm. tissue 39 28.75 39 I 29 39.5 29.25 good 2-5 Extract of 1.5 gm. tissue 39.5 29 39.25 29 39 29.25 slightly rancid I I 
3-1 38.5 
I 
28.5 I 38.5 I 28.75 I 38.5 I 29 lacking 
3-2 1 gm. tissue 39 28.75 
I 




3-3 3 gm. tissue 39.5 29 39.5 29 39 29.25 good, slightly rancid 
3-4 Extract of 1 gm. tissue 39 28.75 39.25 I 29 39.5 29.25 good 
3-5 Extract of 3 gm. tissue 39.5 I 29 _J _ 39.5 I 29 I 39.25 I 29.25 good, slightly rancid I 
t 
CC 
TABLE 12. EFFECT OF MAMMARY TISSUES OR EXTRACTS OF THEM ON THE SOLUBLE NITROGEN IN CHEESE. 
(Cheese ripened 3 months at 50°F.) 
Cheese M1. O.lN HCI equiv. to nitrogen Material added to 50 Ibs . milk Acidity of cheese fat' 
Series No. in 1 mI. cheese serum 
1- 1 13.7 1.3 
1- 2 Extract of 1 g m. tissue 4 14.9 1.7 
1-3 Extract of 1 gm. tissue 5 14.6 1.5 
1-4 Extract of 1 gm. tissue 9 15.8 2.3 
1-5 Extract of 1 gm. t issue 10 13.9 2.7 
2- 1 11.6 1.0 
2- 2 Extract of 1 g m. tissue 4 13.1 1.2 
2- 3 Extract of 1 gm. tissue 5 12.8 1.7 
2- 4 Extract of 1 gm . tissue 9 14.3 2.0 
2- 5 Extract of 1 gm. t issue 10 12.6 2.4 
3- 1 10.6 1.4 
3- 2 0.5 gm. tissue 11 12.0 2.4 
3- 3 1.5 gm. tissue 11 13.3 5.3 
3-4 Extract of 0.5 gm. tissue 11 11.3 1.9 
3- 5 Extract of 1.5 gm. tissue 11 12.6 4.3 
4-1 14.2 1.2 
4- 2 1 gm. tissue 11 16.8 3.0 
4-3 3 gm. tissue 11 17.0 5.8 
4- 4 Extract of 1 gm. tissue 11 15.3 2.6 
4-5 Extract of 3 gm. tissue 11 16.3 5.0 







TABLE 13. LIPOLYTIC ACTIVITIES OF SPLElElN AND LIVER TISSUES AND EXTRACTS OF THEM. 
(Cream-sugar mixtures held at 98.6°F.) 
Ml~'. O.lN NaOH equiv. to 10 gm. cream-sugar mixture 
Powdered tis sue'~* Tissue extract** 
At once 3 days 7 days At once 3 days 
0.1 1.4 2.5 0.2 1.4 
0.3 1.2 2.0 0.3 1.0 
*=Control values were subtracted. 
**=1 gm. powdered tissue or 10 percent sodium chloride extract equiv. to 1 gm. tissue added to 200 gm. cream-sugar mixture. 
7 days ~ ,.... 
2.6 
2.0 
TABLE 14. EFFECT OF ADDING EXTRACT OF LIVER TISSUE TO PASrrEURIZED MILK ON THE SCORE OF THE CHEESE. 
(Cheese ripened at 55·F.) 
Cheese Score on cheese after 
Material added to 50 lbs. milk 1 mo. I 2 mo. I 3 mo. Remarks on cheese flavor 
Series No. 1 Body and 1 1 Body and 1 I Body and after 3 mo. Flavor texture Flavor texture Flavor texture 
1-1 38 28.5 38.5 28.5 38.5 29 bitter 
1-2 Extract of 1 gm. tissue 38 28.5 38.5 28.5 39 29 slightly bitter 
1-3 Extract of 1.5 gm. tissue 38.5 28.5 38.5 28.5 38.5 29 bitter 
1- 4 Extract of 2 gm. tissue 38.5 28.5 38.5 28.5 39 29 slightly bitter 
1-5 Extract of 2.5 gm. tissue 38 28.5 38.5 28.5 39 29 slightly bitter 
I I 
2-1 38 28.5 38 28.5 38.5 29 acid, lacking 
2-2 Extract of 1 gm. tissue 38.25 28.5 38.5 28.75 38.5 29 acid. lacking 
2-3 Extract of 1.5 gm. tissue 38.5 28.5 39 28.75 38.75 29 acid. slightly lacking 
2--4 Extract of 2 gm. tissue 38.5 28.5 39 29 39 29 acid. slightly lacking 
2-5 Extract of 2.5 gm. tissue 38.5 28.5 39 29 39 29 acid. slightly lacking 
I I 
3-1 38.5 28.5 39 28.5 39.25 29 larking 
3-2 Extract of 1 gm. tissue 38.5 28.5 39 28.5 39.25 29 slightly lacking 
3-3 Extract of 1.5 gm. tissue 38.5 28.5 39.5 29 39.5 29 good 
3-4 K,tract of 2 gm. tissue 38.5 29 39 29 39.5 29 good 






















TABLE 15. EFFECT OF ADDING SPLEEN TISSUE OR AN EXTRACT OF IT TO PASTEURIZED MILK 
ON THE SCORE OF THE CHEESE. 
(Cheese ripened at 55°F.) 
Score on cheese after 
Material added to 50 lbs. milk 1 mo. I 2 mo. I 3 mo. I Remarks on cheese I Body and I I Body and I Fla\'or I B~e~:,~d fla vor after 3 mo. Flavor textul'O Flavor textul'O 







1 gm. ti ssue 39 29 39 29 39 29 lacking 
3 grn. tissue 39.5 29 40 29 39.5 29 good 
Extract of 1 gm. tissue 39 29 39.5 29 39.5 I 29 good 





38.5 I 29 39 29 lacking 
1 gm. tissue 39 28.75 38 .75 I 29 39 .75 29 good 
3 gm. tissue 38.75 29 39 
I 
29 38.5 29 slightly unclean 





Extract of 3 g m . tissue 38.5 29 \ 




I 38.5 28.5 
I 
38.5 28.5 38.5 29 acid, bitter 
1 gm. tissue 39 29 39 29 39 I 29 acid 
3 g m. tissue 38 29 38.5 29 ~8 
I 
29 unclean 
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